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Measuring the expression of genes associated with extracellular 
polymeric substances in Nostoc punctiforme 
!
Abstract!
	  
Some cyanobacteria produce extracellular polymeric substances (EPS) 
which form a slime layer around the cells to protect them from 
environmental hazards. Furthermore, some cyanobacteria are also 
known for being able to produce a biological sunscreen called scytonemin 
that is deposited within the EPS. This sunscreen is a lipid-soluble indole-
alkaloid pigment that is induced by and absorbs long-wavelength UV 
radiation (UVA). The model cyanobacterium Nostoc punctiforme ATCC 
29133 produces EPS and accumulates scytonemin in response to UVA. 
Previous research in our lab found that when exposed to UVA, the wild 
type N. punctiforme had similar levels of EPS as the non-UVA controls. 
This is in contrast to the scytonemin-deficient mutant strain (SCY59) 
which had a significant increase in EPS when exposed to UVA. Since the 
genes associated with EPS in N. punctiforme have only been identified 
through comparative genomics, it was of interest to use this system for 
inducing EPS to initially characterize these putative EPS-associated 
genes. For this, a series of putative EPS-associated genes (homologs of 
wza, wzb, wzc, wzx, and wzy genes) in the wild type and SCY59 were 
assayed for gene expression changes following UVA stress. Initial 
experiments did not result in a change in expression for the first set of 
gene homologs assayed for 24 hrs of stress. Additional experiments are 
being performed on additional homologs of these genes with varying time 
points in an effort to capture any change in expression. Once the putative 
genes are initially identified as responsive, and likely functional, through 
gene expression they will be targeted in the generation of knock-out 
mutants. "
	  
Introduction	  	  
"
Long-wavelength ultraviolet (UVA) radiation negatively affects cells by 
producing free radicals (e.g. reactive oxygen). These free radicals can 
cause mutations in the cells and can lead to cell damage or death.  Some 
cyanobacteria, such as Nostoc punctiforme ATCC 29133, can produce 
sunscreens (i.e. scytonemin) and extracellular polymeric substances 
(EPS) as a mechanism to protect themselves from UVA. Using the phenol 
sulfuric acid (PSA) assay to measure extracellular carbohydrates, it was 
previously found that a scytonemin-deficient mutant of N. punctiforme 
(SCY59) produced more released EPS under UVA than the wild type with 
or without UVA stress (Fig. 1). Furthermore, this mutant also produced 
more released EPS when exposed to UVA than when exposed to white 
light only. This system can be used to provide further characterization of 
several genes (annotated as wz-; Fig. 2) putatively involved in EPS 
polymerization and export. For this, the expression of several wz- genes 
will be measured by quantitative-PCR (qPCR) following exposure to UVA. "
Materials and Methods !
	  
The cyanobacteria were filtered in triplicate and placed on 
liquid Allen and Arnon media (with antibiotics as needed) in 
glass Petri dishes. All cultures were kept under white light 
for three days to acclimate and to allow initial growth. After 
this, half of the cultures received additional UVA while the 
others remained under white light only for 24 hours. Cells 
were vortexed off of the filter into media, 1 ml was 
removed for chlorophyll a analysis (measure of biomass), 
and the rest were concentrated and frozen in liquid 
nitrogen. Total RNA was extracted from the cell samples, 
treated with DNase, and then cleaned using the RNeasy 
MinElute cleanup kit (Qiagen). The RNA samples were 
then quantified using a Nanodrop spectrophotometer. DNA 
contamination and RNA quality were assessed by PCR 
using housekeeping primers for DNA gyrase. The RNA 
was then converted into cDNA and used in qPCR with 
primers specific for one set of the wz- homologs (Fig. 3). "
	  
Results and Discussion!
"
The qPCR results for the first set of gene homologs tested did not show 
any significant increase under UVA for either strain under either condition. 
One possibility is that these putative genes are not actually associated 
with EPS . There are sixteen other homologs of these genes in the N. 
punctiforme genome which are currently being tested to see if they show 
any expression changes in response to UVA. Another possibility is that 
the time the cells spent under UVA was not optimal for detecting 
increased transcript levels. These genes may respond more quickly than 
24 hrs or even after this time. Thus, future experiments will also assess 
the temporal expression of these genes upon UVA exposure.  "
"
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Objective!
"
To measure the expression of genes associated with EPS 
production in Nostoc punctiforme and the sunscreen-
deficient mutant strain, SCY59, under UVA stress."
"
Fig. 1. Alcian blue staining. EPS production in Nostoc 
punctiforme is on the left and in Scy59 on the right."
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Fig. 2. Genes presumed to be associated with EPS production in Nostoc punctiforme. Adapted from Pereira et al., 2009."
The cells are acclimated, stressed for 
24 hours, and then harvested."
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Fig. 3. Experimental methods."
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